INTRODUCTION
============

Cholecystectomy in children is relatively uncommon, despite being one of the most common surgical procedures in adults \[[@B1][@B2][@B3]\]. However, the number of cholecystectomy in children has increased over the past two decades \[[@B4][@B5][@B6]\]. A few studies on Western populations have demonstrated an increased rate of cholecystectomy in pediatric patients, and the most prevalent cause is a biliary dyskinesia \[[@B7][@B8][@B9]\]. Nonetheless, symptomatic gallbladder disease is due to gallstone in most pediatric patients.

The predisposing factors for the development of gallstone in pediatric patients differ slightly by age; prematurity, parenteral nutrition, abdominal surgery, or sepsis are factors in infancy, and hematologic disorders or obesity are factors in adolescence \[[@B10][@B11][@B12][@B13]\]. Among them, pediatric gallstones most frequently occurred in patients with hemolytic disorders \[[@B14][@B15]\]. Recently, some reports have indicated that the proportion of hemolytic disease has decreased, and that of other conditions without hemolytic disease has increased \[[@B4][@B5]\], whereas idiopathic etiology is estimated between 20% and 65% \[[@B15][@B16][@B17]\].

The estimated prevalence of gallstone in children in Western populations has been reported between 0.1% and 4.0%, but it has been reported as less than 0.13% in Japan \[[@B3][@B17]\].

In contrast to adult patients, pediatric patients with gallstone present with non-specific abdominal symptoms, and approximately 10-20% of these patients undergo cholecystectomy due to severe symptoms \[[@B18][@B19][@B20][@B21][@B22]\].

The current study attempts to describe the characteristics of cases undergoing cholecystectomy due to disease unrelated to hematologic disorders in pediatric patients, and to suggest its clinical significance for managing it according to two different clinical situations; between a simple and complicated gallbladder disease.

MATERIALS AND METHODS
=====================

Patients
--------

We reviewed cases of cholecystectomy in pediatric patients (under 18 years old) at a single institution between January 2003 and October 2014. There were 143 cases during the study period. We excluded cases of cholecystectomy that were performed during other procedures for choledochal cyst, biliary atresia, and other hepatobiliary diseases, as well as hematologic disorders. Among these cases, 24 patients were selected as the subject group.

Methods
-------

A retrospective study was conducted using patient\'s clinical data. We analyzed basic demographic characteristics such as sex, age, body weight, and body mass index (BMI), as well as clinical characteristics such as presented symptoms, preoperative diagnosis, laboratory and radiologic findings, associated conditions, and pathologic results. We divided subject as two clinical groups: group A, patients with simple gallbladder disease (ex. simple gallstone or gallbladder polyp) and group B, patients with complicated disease (ex. gallstone with choledocholithiasis or gallstone pancreatitis, with formation of pericholecystic abscess). Compared two clinical groups according to its clinical characteristics.

Statistical analysis
--------------------

We performed statistical analysis using Fisher\'s exact test for categorical variables and one-way ANOVA for continuous variables using GraphPad Prism 6 (GraphPad Software Inc., San Diego, CA, USA). Statistical significance was determined at *p*-value \<0.05.

RESULTS
=======

Demographic characteristics of patients
---------------------------------------

Among 24 patients, there were 7 male (29.2%) and 17 female (70.8%) patients. Mean age was 13.1 years old and 66.6% were older than 12 years. The mean body weight across all subjects was 52.7 kg, mean BMI was 21.7 kg/m^2^, and 41.7% of patients were obese or overweight. The proportion of obese and overweight patients was greater in female patients (52.9% in female and 14.3% in male patients). However there were no significant differences in these characteristics according to gender ([Table 1](#T1){ref-type="table"}).

Comparisons between two clinical groups
---------------------------------------

There were 15 (62.5%) patients in group A and 9 (37.5%) in group B. Most patients in group A had multiple stones, while patients in group B showed a combined choledocholithiasis in 7 patients, a gallstone pancreatitis in 2 patients. There was a gallbladder disease not associated with gallstone in each group, a gallbladder polyp and an acalculous pericholecystic abscess, respectively.

Composition of female patients was significantly higher in group B than A. There was no significant difference in the distribution of patient with regarding to age. Considering a BMI of patients, the proportion of overweight or obese patients was significantly higher in group B than group A ([Table 2](#T2){ref-type="table"}).

There was a variable presented symptom at admission, a vague abdominal pain was most common in group A and a jaundice in group B. Comparing liver function test between two groups, we identified significantly increased levels of aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP) and bilirubin in group B ([Table 2](#T2){ref-type="table"}).

Most patients (87.5%) underwent laparoscopic cholecystectomy. All patients with combined choledochalithiasis were managed by endoscopic retrograde cholangiopncreatography (ERCP) before cholecystectomy. There were no postoperative complications.

Postoperative diagnosis was confirmed by pathologic examination as follows: chronic or acute cholecystitis (22 cases), hyperplastic polyp (1 case), and xantogranulomatous cholecystitis (1 case) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Cholecystectomy is relatively rarely performed in pediatric populations, though it is extremely common in adults. Although we performed 143 cholecystectomies during the study period, there were only 24 cases for pure gallbladder problems unrelated to hematologic disorders. Recently, many studies have reported the increased prevalence of pediatric cholecystectomy due to gallstone disease in Western populations \[[@B4][@B5][@B6][@B23][@B24][@B25]\].

Our study also demonstrated that most cholecystectomies were due to gallstones (22/24, 91.7%). It was more common in female patients (70.8%) and adolescents (66.6%), with a mean age of 13.2 years. Considering certain risk factors (advanced age and female sex) for gallstone in adults \[[@B26]\], it may be assumed that these factors also affect the pediatric patients.

An idiopathic etiology of gallstone in the pediatric population has been proposed as between 20% and 65% \[[@B15][@B24][@B27][@B28]\], and certain predisposing factors have been suggested as follows: lithogenic interventions in neonatal period, such as long-term parenteral nutrition, a progressive increase in pediatric obesity, and recently, liberal use of ultrasonography \[[@B29][@B30]\]. In this study, we did not evaluate the gallbladder disease in neonatal cholestasis because most of those cases did not need a surgical management. Ultrasonography is also widely used for monitoring gastroenterological and genitourinary conditions, and it has resulted in increased detection of asymptomatic gallstones, but we did not include those cases because it was generally microlithiasis without symptoms not requiring operation.

It is well known that there is an association between obesity and gallstone formation in adults, but this is now gaining recognition in the pediatric population \[[@B13][@B31][@B32][@B33]\]. Relative to adults, it is some difficult to accurately express a childhood obesity as BMI. This has led to inconsistency in result, Mehta et al. \[[@B5]\] reported a series of pediatric cases with 53% of nonhemolytic gallstone cases occurring in overweight or obese children/adolescents, whereas Bogue et al. \[[@B29]\] reported a series of cases with less than 1%. Our study showed not only a high proportion of obese and overweight patients (41.7%) in a complicated gallbladder disease, but also its significant relation to develop it. Although it is impossible to directly compare this proportion with the normal pediatric population, we could estimate that there is a relatively high rate of obesity or overweight in non-hemolytic gallstone cases. This problem seems to compound the presence of symptomatic gallstones, especially a complicated disease. Furthermore, considering the mean age at diagnosis, 13.2 years old, the high rate of obesity may also attributable to the rising incidence in that period.

Clinically, the pediatric population does not always present typical biliary colic symptoms, but rather, they often presented variable non-specific symptoms. However, when we examined the initial laboratory findings at admission, there were some differences. The levels of AST, ALT, ALP, and bilirubin were significantly higher in the group with complicated disease at admission, especially in cases accompanied by common bile duct stones. It may be possible that these highly increased levels suggest a combined choledocholithiasis in pediatric populations with gallbladder stones.

Gallstone may be presented by simple cholecystitis or a more complicated case combined with a biliary pancreatitis or choledocholithiasis causing jaundice. In this study, we could identify a gallstone pancreatitis in 8.3% and a choledocholithiasis in 29.2%. Generally, a choledocholithiasis is found in 8-10% of adult patients with cholelithiasis and between 10% and 15% in pediatric patients with gallstone, and the rate of gallstone pancreatitis has been reported as 7% \[[@B15][@B29]\]. However, our study demonstrated higher incidence than those reports did. Although these patients were successfully managed by endoscopic sphincterotomy without complication, when considering a complication rate of 11% accompanied by ERCP in children and a high rate requiring a general anesthesia for procedure \[[@B34][@B35]\], we should be aware of the possibility that these issues might occur more frequently when encountering or following up gallstone in pediatric populations. This study also revealed that significantly high frequency of complicated disease in female and overweight/obese patients, and so it may be suggested as aggravating factors to be considered in pediatric gallbladder disease, especially unrelated to hematologic disorders.

To manage gallbladder disease in pediatric populations, we performed laparoscopic cholecystectomy in 87.5% of cases and did not observe postoperative complications. Thus, the short-term outcome of cholecystectomy in pediatric population seems to be promising, but there may need more long-term drawbacks after removal of the gallbladder.

When comparing the histological results, most cases revealed chronic cholecystitis, but it did not seem to affect clinical characteristics.

There are some limitations in this study. It is result from the experience of single center and has relatively small subjects in certain regional area. Because it was retrospective study, could not compare with normal control group also. However considering a rare incidence of gallbladder disease unrelated to the hemolytic disorders in pediatric population, we feel that it may suggest clinical significance in managing pediatric gallbladder disease unrelated to hematologic disorders.

In conclusion, cholecystectomy is rarely performed in pediatric populations. Generally, a simple gallbladder disease is more common than complicated gallbladder disease unrelated to hematologic disorders. Female patients who are overweight or obese, or older than age 12 years require a laparoscopic cholecystectomy owing to multiple gallstones. Especially, the patient with a complicated gallbladder disease, such as a disease combined with choledochalithiasis or a gallstone pancreatitis, has a tendency to show such characteristics, and also significantly increased levels of AST, ALT, ALP, and bilirubin. It is necessary to consider these problems when managing cases of pediatric gallbladder disease, especially a gallstone unrelated to hematologic disorders.

###### Demographic Characteristics of Patients
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Values are presented as number or range (mean±standard deviation).

^\*^Defined as body mass index percentile \>95%, ^†^defined as body mass index percentile 85-95%, ^‡^defined as body mass index percentile \<85%.

###### Comparison of Demographic and Clinical Characteristics between Two Groups
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Values are presented as number, range (mean±standard deviation), or mean±standard deviation only.

Group A: patients with simple gallbladder disease, group B: patients with complicated disease.

###### Pathologic Results of Patients
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Values are presented as number.

Group A: patients with simple gallbladder disease, group B: patients with complicated disease.
